Peroxidases were shown to be responsible for the degradation of flavanones as occuring after application of these substrates to plant cell suspension cultures. -Com parative studies with various flavanones and horseradish peroxidase showed th at only 4'-hydroxyflavanones will be catabolized peroxidatically. -Intensive analyses of naringenin (5,7,4'-trihydroxyflavanone) de gradation by horseradish peroxidase revealed that very complex reactions with m any catabolites are involved. Main degradative pathways comprise a) hydroxilation in the 3'-position, b) elim ina tion of ring B leading to chromones, c) cleavage reactions of the heterocylic ring resulting in phenolic catabolites from ring A and most im portant d) oxidative destruction of ring A leading to Cg -Cg-, Cs -C2-and C6-Cj-units from ring B. -The data are com pared with the results of feeding experiments and are discussed with regard to th eir physiological significance.
Introduction
Flavonoids and various other phenolic compounds are subject to degradation in the producing plants [ We now report results of enzymatic studies on flavanone degradation by peroxidases which were shown to be the main flavanone degrading enzymes in plant cell cultures. Our detailed analyses of naringenin ( S^^'-trihydroxyflavanone) catabolites demonstrate that peroxidatic degradation of flava nones occurs in a very complex manner.
Experim ental M aterials
[ring A-14C]naringenin (spec. act. 0.3 mCi/mmol) was obtained from previous studies. All flavanones were commercial products, gifts from various laboRequests for reprints should be sent to Prof. Dr. W. Barz, L ehrstuhl für Biochemie der Pflanzen der Universität, Hindenburgplatz 55, D-4400 M ünster/W estf.
A b b revia tio n s: d, doublet; sh, shoulder; UV, ultraviolett; IR , infrared ; NMR, nuclear magnetic resonance; MS, mass spectrum ; GC, gas chromatography; TLC, thin layer chro m atography. ratories or specifically synthesized (5 -11 in Table  I ) (unpublished). All solvents and reagents were of analytical grade. Horseradish peroxidase (9 0 U /m g ) was from Roth, Karlsruhe and catalase from Boehringer, Ingelheim.
Cell cultures
Growth of cell suspension cultures of soybean and mungbean, extraction and purification of protein from cell cultures, inoculation of labelled com pounds, procedures for trapping of 14C 0 2 and labelled material have all previously been published [7, 9 ] .
Experim ents with inhibitors
Inhibitory experiments with KCN, catalase and mercaptoethanol on horseradish peroxidase have been published [ 7 ] .
Standard incubations
The standard assay for measuring peroxidatic degradation of flavanones contained in a final volume of 2.5 ml: 5 0 «1 of 8 m M H20 2 and 25 //g horseradish peroxidase with a substrate concentra tion of 4 X 1 0 -5 M in buffer. 0.2 M citrate-phosphate buffer was used at pH 5.5 and 0.2 M phosphate buffer for measurements at pH 8.0 or 7.5, respec tively. Up to about 30% of the buffer could be replaced by ethylene glycol monomethylether or dim ethylsulfoxide without severe decrease of enzy matic activity. The reaction was photometrically followed at 322 nm (pH 7.5) or 2 8 0 nm (pH 5.5) for at least 2 0 minutes.
D eterm ination o) pH -optim a
The procedure of the standard assay was used with the follow ing 0.2 M buffers: form ic acidsodium formate (pH 3.0 -4 .0 ) , citric acidsodium citrate (pH 4.5 -5 .5 ), potassiumphosphate -citric acid (pH 6.0 -7 .0 ), potassiumphosphate buffer (pH 7.5 -8.0) and glycine -NaOH (pH 8.5 -1 0 .0 ). The same standard concentration of naringenin was used at each pH value and all photometric measurements were corrected for the appropriate extinction coefficient at the particular pH-value (s. Fig. 3 ).
Large-scali incubations
600 mg naringenin dissolved in 3 6 0 ml ethylene glycol monoethylether were given into 1 2 0 0 ml 0.2 M potassium phosphate buffer (pH 7.5) which contained 300 ml 8 mM H20 2. The reaction was started with 60 mg horseradish peroxidase in 30 ml buffer, carried on for 30 min at 30°C and termi nated by the addition of dil. HC1 (pH 4 .0 ). After immediate extraction with ether ( 5 X 2 0 0 ml, frac tion A) the aqueous phase (fraction B) Avas lyophilized. The dry residue was thoroughly extracted with 2 0 0 ml each of a) absolute methanol, b) methanol and c) acetone leaving the bulk of the salts undissolved. Any dissolved inorganic material was eliminated in later stages of purification. The organic solutions were reduced in volume to some 2 0 ml at room temperature and added to 2 0 0 ml of 70% methanol. Methylation was then done for 48 hours in the dark with 2 0 0 ml of conc. diazomethane solution (15 g N -nitrosom ethylurea). After 24 hours a second batch of CH2N 2-solution was added.
After drying over N a.,S04 fraction A was reduced to 50 ml at room temperature, added to 100 ml of 70% methanol and similarly methylated with CH2N 2. Excess diazomethane was destroyed with acetic acid and solvent removed under vacuum at room temper ature. The methylated products from the various fractions were then subjected to chromatographic separation. 
Chrom atography

Results
Characterization of peroxidases as flavanone de grading enzym es
Upon incubation of naringenin with crude protein preparations from cell suspension cultures of soy bean and mungbean flavanone degradation was mea sured by decrease of absorption at 322 nm (Fig. 1 ) Enzyme preparations from soybean cell cultures and horseradish peroxidase were further compared for their pH dependence of naringenin degradation in presence of H20 2. Identical curves with two maxima around pH 5.5 and 7.5 were observed (Fig. 2 ) . To obtain these curves the pH depending shifts of naringenin absorption were taken into consideration ( Fig. 3) and all measurements at either 2 8 8 nm or 322 nm were based on the relative absorption coetfficients.
Incubations of both enzyme preparations with [ring A-14C] naringenin equally well showed rapid and substantial formation of 14C 0 2 and of polar ether-insoluble material. Ghromatographic analysis of both experiments (solvents Sj to S3) revealed numerous and in both cases identical compounds. Therefore, naringenin degradation as found in cell cultures or with soybean proxidases which have not yet been purified can well be elucidated by using commercially available horseradish peroxidase.
Substitution pattern of flavanones for peroxidatic degradation
To determine the specificity of peroxidatic flava none degradation with regard to substitution pattern some 2 2 flavanones were tested. Due to the sparing solubility of some of the investigated compounds dimethylsulfoxide had to be used to assure solubility. Controls with naringenin showed that up to 30 percent of these solvents did not decisively decrease the rate of peroxidatic flavanone degradation.
In standard incubations with horseradish perox idase and H20 2, degradation of flavanones was measured ( Fig. 1) at two pH-values (comp. Fig. 2 ). The results in Table I indicate that an hydroxyl substituent in position 4' is an absolute prerequi site for peroxidatic degradation. An additional hydroxyl group in the 7 position facilitates degra dation by increasing the reaction rate. Substituents in other position seem to have no essential influence on flavanone degradability. material was preferentially isolated by this proce dure. Whenever possible products were obtained by crystallisation. Great care was taken to remove im purities or finely dispersed silica gel by final filtration through very fine glass filters. Frations of some difficult to separate mixtures or compounds which were only obtained in minute amounts were further analysed and purified by gas chromato graphy followed by mass spectroscopy. Individual com pounds were analysed by recording the UV-, IR-, NMR-and mass spectra. Whenever possible catabolites were chromatographically and/or spec troscopically compared with authentic compounds which had been synthesized according to the best method available. Due to the numerous chromato graphic steps the yields of the isolated compounds cannot be given.
In some experiments the permethylation procedure was omitted especially in those cases where naringenin methyl ethers (Table I) were investigated as substrates.
Structural elucidation of flavanone catabolites
The catabolites structurally elucidated so far during our studies on peroxidatic flavanone degra dation are presented in 1 4 ), 1 7 7 ( 6 1 ), 1 7 6 ( 1 5 ), 1 7 5 ( 2 1 ), 1 6 0 (4 6 ), 150  (14) and 1 3 3 ( 2 1 ) ) .
When the flavanones 5 and 7 (Table I) 1 9 4 ( 2 ,2 ) , 1 9 3 ( 6 ,4 ) ; characteristic M -l peak for aldehydes) 1 6 1 ( 6 ), 1 5 1 ( 1 4 ), 136  (3 ,5 ) , 1 3 5 (1 0 ), 1 2 1 (1 3 ) and 1 0 8 ( 6 ) ) . The spec troscopic difference to the isomeric methylester was especially considered. 1 1 ), 1 3 5 ( 1 2 ) , 1 0 8 (1 1 ) and 1 0 7 (1 0 ) ) were also found in the mass spectrum of the authentic methyl ester of the dimethyl derivate of p-hydroxymandelic acid. The isolated compound was further found to match the authentic compound in all other properties and it is therefore identical with the trimethyl derivative of X III. The C6 -Cx structure of XIV was found for a compound which ap peared in the gas chromatogram of that TCLfraction from which V was also isolated. The struc tural assignment of the isolated product as anisaldehyde is preferentially based on the identity of the mass spectrum of this substance with both published spectra [ 1 1 ] and that obtained with an authentic sample. Other peroxidatic degradation reactions similarly require a para-hydroxy substituent [ 7 ] . The iso lated catabolites (Fig. 4) Further studies should also inculde the question whether the same set of catabolites is formed when naringenin is subjected to peroxidatic degradation at either pH 5.5 or 7.5 (Fig. 2 ) . Such double pHoptima have previously also been described for tyrosinase [2 9 , 30] and laccase [3 1 , 3 2 ] during DOPA-oxidation. In case of I they are best ex plained by assuming that the peroxidase has both different affinities towards and different capability for degradation of the ionized and protonated forms of naringenin which occur depending on the pH value of the solution (Fig. 3 ) . In analogy to other studies [33] one must expect that the pathways of naringenin metabolism (Fig. 4) 
The /Miydroxy-dihydro-p-coumaric acid (VIII)
was
N ote added in proof.
Recent GC-MS analyses of the perm ethylether fraction con taining catabolites XI and XIV (see Fig. 4 ) furth er resulted in the isolation of an arom atic methoxyderivative (C9H 10O) which was found to be p-methoxystyrole (XVII) especially as indicated by spectral comparison with reference m aterial. The hydroxy derivate of X V II can be visualized to arise from IX by nonoxidative decarboxylation as known to occur with substituted cinnam ic acids (comp. B. J. Finkle, J. C. Lewis, J. W. Corse, and R. E. Lundin, J. Biol. Chem. 2926 (1962) ).
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